(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
17 January 2002 (17.01.2002) 




PCT 



(10) International Publication Number 

WO 02/05382 Al 



(51) International Patent Classification 7 : H01 Q 1/24, 1/52 

(21) International Application Number: PCT/SE0 1/0 1602 

(22) International Filing Date: 10 July 2001 (10.07.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
SE 0002600-5 



10 July 2000 (10.07.2000) SE 



(71) Applicant (for all designated States except US): ALL- 
GON AB [SE/SE]; Antennvagen 6, S-187 80Taby (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): RUTFORS, Tomas 



[SE/SE]; Kmthornsvagen 25, 2 tr, S-192 53 SoJlentuna 
(SE). BRAUN, Christian [DE/SE]; Lokstallsgatan 6, 
S-113 21 Stockholm (SE). FALKEN, Henrik [SE/SE]; 
Algvagen 12, S-181 43 Lidingo (SE). HAKANSSON, 
Lennart [SE/SE]; Nygard, S-186 97 Brottby (SE). 
DONGHUI, Liu [CN/SE]; Marknadsvagen 211, 3 tr, 
S-183 79 Taby (SE). 

(74) Agents: ROMEDAHL, Bengt et al.; Kransell & 
Wennborg AB, Box 27834, S-SE-1 15 93 Stockholm (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ, CZ (utility model), DE, DE 
(utility model), DK, DK (utility model), DM, DZ, EC, EE, 
EE (utility model), ES, FT, FI (utility model), GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 

[Continued on next page] 



(54) Title: ANTENNA ARRANGEMENT AND A PORTABLE RADIO COMMUNICATION DEVICE 



QC 

id 

o 




(57) Abstract: An antenna arrangement for a portable radio 
communication device, comprising a first (1) and a second (2) 
antenna element, and a conductive shield (4) connectable to 
a ground plane device (3), said first (1) and second (2) an- 
tenna elements are located on opposite sides of the shield (4), 
wherein said first (1) and second (2) antenna elements are of 
different types. 



BNSDOCID: <WO_ 



_0205382A1_I_> 



REST AVAILABLE COPY 



WO 02/05382 Al 



lllllllllll 


hi: J 


in 


Mil 


IT llll III li ill 



SK, SK (utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



BNSDOCID: <WO 02053B2A1_I_> 



WO 02/05382 PCT/SE01/01602 

1 

c 

Antenna arrangement and a portable radio communication device. 
FIELD OP INVENTION 

The present invention relates generally to antenna 
arrangements and particularly to coupling between 
5 closely spaced antenna's in portable radio communication 
devices . 

BACKGROUND 

In a portable radio communication device the space for 
an internal antenna arrangement is limited. With the 

10 growing need for greater functionality and better radio 
channel quality it is often necessary to utilize more 
than one antenna element in a portable radio 
communication device , such as a mobile telephone. As the 
space in a portable radio communication device is 

15 limited , internal antennas tend to be closely spaced. 

With closely spaced antenna elements unwanted coupling 
between the antennas can arise. 

In WO 9013152 it is disclosed that separated transmit 
and receive antennas are used to eliminate the need for 

20 a diplexer. The antennas are elevated above a grounding 
surface and separated by a conductive pedestal, wherein 
the pedestal is placed between the antennas and 
electrically isolates the antennas. WO 9013152 mentions 
only the case of two antennas of the same type (two 

25 similar patches). 

The above-described document only describes reduced 
coupling between separated transmit and receive 
antennas . 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
antenna arrangement that offers improved isolation, i.e. 
decreased coupling, between antennas in a portable radxo 
communication device, such as a mobile telephone. 

This object is achieved by an arrangement as claimed in 
claim 1. 

A further object of the present invention is to provide 
a portable radio communication device, such as a.mobxle 
telephone, that offers improved isolation between 
antennas inside said device. 

This object is achieved by a device as claimed in claim 
14. 

Two antennas of different types, such as a PIFA and a 
meander antenna, have low coupling between them and can 
be closely spaced. Closely spaced antennas with low 
coupling can be used for various applications. These can 
be for example: separate receive and transmit antenna, 
systems that eliminate the need for a diplexer, antenna 
diversity systems (both receiver and transmitter 
diversity), and antennas for different systems (e.g. 
GSM-Bluetooth) . 

With a shield between internal antennas in a portable 
radio communication device the coupling between the 
antennas is reduced and therewith it is possible to 
place the antennas close to each other. Further, with 
internal antennas of different types, such as meander 
antenna and PIFA, the coupling between the antennas are 
less than with two antennas of the same type, such as 
PIFA and PIFA. Thus two antennas of different types and 
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separated by a shield can be positioned closer together 
than two of the same type separated- by a shield , still 
providing the same amount of isolation. 

Advantages and features of the present invention will be 
5 evident from the following detailed description of 
embodiments . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description of embodiment of the 
10 present invention given below and the accompanying 

figure, which are given by way of illustration only, and 
thus are not limitative of the present invention, 
wherein: 

Fig. 1 shows a portable terminal PCB carrying a PIFA 
15 antenna at the top and a meander antenna below, and 

Fig. 2 shows a portable terminal PCB carrying a PIFA to 
the right and a meander antenna to the left. 

DETAILED DESCRIPTION OF EMBODIMENTS 

In the following description, for purpose of explanation 
20 and not limitation, specific details are set forth, such 
as particular techniques and applications in order to 
provide a thorough understanding of the present 
invention. However, it will be apparent to one skilled 
in the art that the present invention may be practiced 
25 in other embodiments that depart from these specific 
details. In other instances, detailed descriptions of 
well-known methods and apparatuses are omitted so as not 
to obscure the description of the present invention with 
unnecessary details. 
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A first embodiment of the present invention will now be 
described with reference to Fig. 1. A first and a second 
antenna element 1, 2 are connected to a ground plane 
device 3, i.e. the PCB of a portable radio communication 
device, such as a mobile telephone. The first antenna 
element 1 is here shown as a PIFA (Planar Inverted F 
Antenna) and the second antenna element 2 as a meander 
antenna. The PIFA is further connected 5, 6 to 
transmit/receive circuitry (not shown) of the portable 
radio communication device. Also the meander antenna is 
connected 7, 8 to transmit/receive circuitry (not shown) 
of the portable radio communication device, but with its 
connections 7, 8 distanced from the connections 5, 6 of 
the PIFA. 

The PIFA 1 and meander 2 antenna elements are positioned 
close to each other so as to take up as little space as 
possible in the portable radio communication device. A 
conductive shield 4, extending from the ground plane 
device 3, is positioned between the antennas 1, 2. The 
shield 4 provides additional isolation, and thereby 
reduces the coupling between the antennas 1, 2, which is 
usually present between closely spaced antennas. Since 
the coupling is reduced it is possible to position the 
antennas 1, 2 closer to each other than without the 
25 shield 4. 

The PIFA antenna 1 and the meander antenna 2 are of 
different types, so that the field distributions, or 
equivalently current distributions, are different. The 
meander antenna 2 has its currents essentially 
concentrated around the actual antenna element, while 
the PIFA currents are distributed more on the ground 
plane device 3 . This difference has the effect that the 
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coupling between the antennas is small and the antennas 
can be closely positioned. The screen 4 is grounded and 
elevated over the ground plane device 3, forcing the 
currents passing it to change direction (up onto the 
5 screen). This additionally reduces the amount of current 
flowing on the PCB from one antenna to the other, thus 
minimizing the coupling between the antennas. 

A second embodiment of the present invention will now be 
described with reference to Fig. 2. This embodiment is 

10 similar to the first embodiment, but the antennas 1, 2 
are placed side by side instead of above and below. The 
shield 4 is still placed between the antennas 1, 2. The 
feeding of the PIFA antenna element 1 is positioned at 
the top of the PCB 3, while the meander antenna element 

15 2 is fed at its lower end. The separation of feeding 

points has the effect that the current distribution from 
each antenna is different, which provides isolation 
between the antennas. This effect is further enhanced by 
the shield 4 between the antennas . 

20 In these embodiments, the antennas 1, 2 are suitable for 
dual-band operation. It is possible to reduce or extend 
the number of frequency bands of the antennas by 
changing the design of the antenna patterns. 

In the embodiments described above the PIFA antenna 1 is 
25 preferably optimized as a receiver antenna and the 

meander antenna 2 as a transmit antenna. However, with 
slightly different designs, both antennas could be 
optimized for transmission or reception, providing a 
transmitter or a receiver antenna diversity system, 
30 respectively. 
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The antennas may further be optimized individually in 
different frequency bands, such as GSM900 and GSM1800, 
or in different communication systems, such as GSM and 
Bluetooth . 

It is above described that the antennas 1, 2 and the 
shield 4 are connected to the PCB of the portable radio 
communication device, which is the case when the 
antennas 1, 2 and the shield 4 are mounted in the 
portable radio communication device, otherwise the 
antennas 1, 2 and the shield 4 are connectable to a 
ground plane device . Alternatively the antennas 1 , 2 and 
the shield 4 may be mounted on a separate ground plane 
device, which is connectable to the PCB when mounted in 
the portable radio communication device. 

The coupling between two antennas is dependent on the 
fields radiated by the antennas. If the fields are 
different, e.g. different radiation pattern, different 
polarization, different phase, etc., the coupling will 
be low. A measure of the coupling between two antennas 
is to integrate the scalar product of the radiated 
fields from each antenna over a sphere enclosing both 
antennas. This measure can be seen as an orthogonality 
factor between the antennas. The radiated field from an 
antenna is made up of the currents flowing on the 
conducting parts of the antenna and its surroundings , 
e.g. ground. Therefore, the more different the currents 
associated with each antenna the lower coupling between 
them. 

The antennas in the description above can as well be 
other antenna types than described. The antennas can 
e.g. be PIFA, meander, modified PIFA, meander PIFA, 
loop, dipole, patch, and slot antennas. The important 
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part is that the antennas are somewhat different, having 
different current distributions on the ground plane 
device, e.g. the PCB, so that the coupling between the 
antennas is low. The conductive screen helps to alter 
the current distribution, which makes the coupling even 
lower . 

The antennas described above may be matched and adjusted 
in ways known by a person skilled in the art. 

It will be obvious that the present invention may be 
varied in a plurality of ways. Such variations are not to 
be regarded as a departure from the scope of the 
invention. All such modifications as would be obvious to 
one skilled in the art are intended to be included within 
the scope of the appended claims. 
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CLAIMS 

1. An antenna arrangement for a portable radio 
communication device, comprising: 

- a first (1) and a second (2) antenna element, and 

- a conductive shield (4) connectable to a ground plane 
device (3), wherein said first (1) and second (2) 
antenna elements are located on opposite sides of the 
shield ( 4 ) , 

characterized in that 

- said first (1) and second (2) antenna elements are of 
different types. 



2. The antenna arrangement as claimed in claim 1, 
wherein said antenna arrangement is mountable in said 
portable radio communication device, such that the 
shield (4) is essentially perpendicular to said ground 
plane device (3). 

3. The antenna arrangement as claimed in claim 1 or 2 , 
wherein said first (1) and second (2) antenna elements 
are each adapted to be able to transmit and receive 

20 radio signals. 

4. The antenna arrangement as claimed in claim 1 or 2 , 
wherein said first (1) antenna element is adapted to be 
able to transmit radio signals and said second (2) 
antenna element is adapted to be able to receive radio 

25 signals . 

5. The antenna arrangement as claimed in claim 1 or 2 , 
wherein said first (1) antenna element is adapted to be 
able to receive and transmit radio signals and said 
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second (2) antenna element is adapted to be able to 
receive radio signals . 

6. The antenna arrangement as claimed in claim 1 or 2 , 
wherein said first (1) antenna element is adapted to be 

5 able to receive and t transmit radio signals and said 
second (2) antenna element is adapted to be able to 
transmit radio signals. 

7. The antenna arrangement as claimed in claim 1 or 2, : 
wherein said first (1) antenna element is adapted to be 

10 able to transmit radio signals and said second (2) 

antenna element is adapted to be able to receive and 
transmit radio signals. 

8. The antenna arrangement as claimed in claim 1 or 2, 
wherein said first (1) and second (2) antenna elements 

15 are each adapted to be able to transmit radio signals. 

9. The antenna arrangement as claimed in claim 1 or 2, 
wherein said first (1) and second (2) antenna elements 
are each adapted to be able to receive radio signals. 

10. The antenna arrangement as claimed in claim 1 or 2, 
20 wherein said first (1) antenna element is adapted to be 

able to receive radio signals and said second (2) 
antenna element is adapted to be able to receive and 
transmit radio signals. 

11. The antenna arrangement as claimed in claim 1 or 2, 
25 wherein said first (1) antenna element is adapted to be 

able to receive radio signals and said second (2) 
antenna element is adapted to be able to transmit radio 
signals . 
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12 The antenna arrangement as claimed in any of claims 
1-11. wherein said first (1) and second (2) antenna 
elements are mountable within said portable radio 
communication device. 

13 The antenna arrangement as claimed in any o£ claims 
1-12, wherein said first (1) antenna element is one of 
the following types: »», — r, 

slot, edified tin, meander FIFA; and said second (2, 
antenna element is one of the following types: FIFA, 
meander, loop, patch, dipole, slot, modified FIFA, 
meander PIFA; but not the same type as said first (1) 
antenna element. 

14 a portable radio communication device, comprising an 
antenna arrangement as claimed in any previous claim. 

15 The portable radio communication device as claimed 
in claim 14, wherein said ground plane device (3) rs the 
PCB of the portable radio communication device. 
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FIG. 1 



BNSDOCID: <WO 0205382A1_I_> 



WO 02/05382 



PCT/SE01/01602 v 




BNSDOCID: <WO 0205382A1J_> 



I.M I.UNAHO.NA1. SKARCII RKI'OKT 



lulOTiiiliiiiial implication No. 

PCT/SE 01/01602 



A. (.'I .ANSI I' I (.'A I ION Ol- SUHJISC.T MATII-.R 



IPC7: H01Q 1/24, H01Q 1/52 

According ui International Patent Classification (IPC) or to both national classification unci IPC 



13. I-'IKMJSSKAKCIIKD 



Minimum documentation searched (chussificntiun system followed by classification symbols) 

IPC7: H01Q 



Documentation searched other than minimum documcnUition to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



WPI DATA, EPO INTERNAL 



C. DOCUMENTS CONStDEkED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4460899 A (PETER SCHMIDT ET AL), 17 July 1984 
(17.07.84), figure 1, abstract 



EP 0973231 A2 (ACE TECHNOLOGY PUCHUN-SHI), 
19 January 2000 (19.01.00), figure 3A, 
abstract 



W0 9013152 Al (N0VATEL COMMUNICATIONS LTD.), 
1 November 1990 (01.11.90), cited in the 
application 



1-15 



1-15 



1-15 



| | Further documents are listed in the continuation of Box C. | )(| See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
"E" earlier application or patent but published on or after the international 

filing dale 

"L* document which may throw doubt? on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

*O m document referring to an oral disci osurc, use, exhibition or other 
means 

*P* document published prior to the international filing date hut later than 
the pritirity date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



9 October 2001 



Date of mailing of the international search report 

1 1 -10- 2001 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 X f»6fi 02 X6 



Authorized officer 



Rune Bengtsson/AE 

Telephone No. -f 46 8 7K2 25 00 



Form PCr/ISA/210 (second sheet) (July 1998) 



BNSDOCID: <WO 0205382A1 J_> 



ISTKRNATIONAL SF.ARCU REPORT 

lulurmsiliun on patent family members 




Form PCr ISA/210 (patent family annex) (July 1998) 



BNSDOCID- <WO 020S382A1J_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



U BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




THIS PAGE BLANK (uspto) 



